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(57)Abstract: 

PURPOSE: To improve adhesion and cutting efficiency by forming a hard coating layer made of Ti carbide and so forth with a 
specific average layer thickness on the surface of a silicon-nitride group ceramics base substance whose theoretical density ratio 
of a sintered body made of respective forming components of respectively specified combined phase and dispersed phase is 
specified. 

CONSTITUTION: A cutting tool is constituted by forming a hard coating layer on the surface of a silicon-nitride group ceramics 
have substance. The silicon- nitride group ceramics base substance contains yttrium oxide 1-15, rare earth oxide 1-15, silicon 
oxide 0.5-10 as combined phase forming components by weight%, and the rest is a sintered body composed of silicon nitride as 
dispersed phase forming components, and the theoretical density ratio of 99% or more is given. The hard coating layer is formed 
of a single layer of one kind or multiple layers of at least two kinds from among Ti carbide, nitride, and aluminum oxide and so 
on, and average layer thickness is set to 1 -20μm. It is thus possible to prevent peeling from occurring on the hard coating 
layer even for high speed cutting of cast iron. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the cutting tool made from surface coating nitriding silicon (Si 3N4 shows 

hereafter) machine ceramics excellent in the adhesion to the base front face of a hard enveloping layer. 

[0002] 

Pescription of the Prior Art] Conventionally, generally it is indicated by JP,4-104982,A, the 2nd page, an upper case, and **** 
aluminum 203, Y2 03, MgO, A1N and Hf02, and Zr02, TiC, TiN, B4 C, and TiB2 One sort or : [ two or more sorts of ] 0. 1 - 
10 % of the weight (% shows weight % hereafter) -- containing -- the remainder -- Si 3N4 from - Si 3N4 which consisted of 
sintered compacts of the becoming combination composition On the front face of a machine ceramic base 4a, 5a and 6a group 
metal of a periodic table and the carbide of aluminum, a nitride, Surface coating Si 3N4 which comes to form the hard enveloping 
layer which consists of one sort of monolayers of a charcoal nitride and the oxides, or two or more sorts of double layers by 
1 -20-micrometer average thickness The cutting tool made from machine ceramics is known. Furthermore, it iffthis surface 
coating Si 3N4. It is also just going to be known well that the cutting tool made from machine ceramics will be used for cutting of 
cast iron. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned conventional surface coating Si 3N4 Since the cutting 
tool made from machine ceramics does not have the enough adhesion to the base front face of a hard enveloping layer, when this 
is used for the high speed cutting of cast iron, the present condition is exfoliation occurring owing to the shortage of adhesion of a 
hard enveloping layer, and resulting in a use life comparatively for a short time. 
[0004] 

[Means for Solving the Problem] Then, it is the surface coating Si 3N4 which this invention person etc. excelled in the adhesion 
to the base front face of a hard enveloping layer from the above viewpoints. The result which inquired that the cutting tool made 
from machine ceramics should be developed, A hard enveloping layer The carbide of Ti, a nitride, a charcoal nitride, a 
carbonation object, a nitric oxide, And after specifying it as a charcoal nitric oxide and one sort of monolayers of the aluminum 
oxides (TiC, TiN, TiCN, TiCO, TiNO, TiCNO, and alurninum 203 show hereafter, respectively), or two or more sorts of double 
layers 3N4 Si ceramic base Yttrium-oxide (Y2 03 shows hereafter): 1-15%, Each of 1 - 15% and silicon-oxide (Si02 shows 
hereafter):0.5-10% is contained as a binder-phase formation component, and the need is accepted further. Rare earth oxide (R2 
03 shows hereafter) : as a dispersed phase formation component (a) A zirconium oxide, a partial stabilization zirconium oxide, 
an oxidization hafiiium, and a partial stabilization oxidization hafnium (the following -- respectively - Zr02 and stabilization 
Zr02 --) Hf02 and stabilization Hf02 1 of sorts [ it being shown, and naming these generically and calling it a Zr-Hf oxide ], : 
two or more sorts of ] 1 - 15%, (b) Titanium nitride (TiN shows hereafter) : [ 1 - 10%, the above (a), and either of the (b), ] or 
both containing — the remainder ~ the same — Si 3 N4 as a dispersed phase formation component from, if constituted from a 
sintered compact which has the becoming combination composition and has 99% or more of theoretical density ratio Surface 
coating Si 3N4 of this result In the cutting tool made from machine ceramics A hard enveloping layer is Si 3N4. It sticks to the 
front face of a machine ceramic base very firmly. Therefore, high adhesion was required of the hard enveloping layer, for 
example, when it used for the high speed cutting of cast iron, there is no generating of exfoliation in a hard enveloping layer, and 
the research result of having continued and demonstrating the outstanding cutting-ability ability at a long period of time was 
obtained. 

[0005] This invention is made based on the above-mentioned research result, all as a binder-phase formation component Y2 03 : 
1 - 15%, R2 03 : 1 - 15%, Si02 : 0.5 - 10% is contained and the need is accepted further, all as a dispersed phase formation 
component (a) One sort in a Zr-Hf oxide, or : [ two or more sorts of ] 1 - 1 5%, (b) TiN: 1 - 1 0%, the above (a), and/or (b) — 
containing — the remainder — the same — Si 3 N4 as a dispersed phase formation component It is made the sintered compact of 
the becoming combination composition, from — Si 3N4 which has 99% or more of theoretical density ratio On the front face of a 
machine ceramic base TiC, TiN, TiCN, TiCO, TiNO, TiCNO, and alurninum 203 Come to form the hard enveloping layer which 
consists of one sort of inner monolayers, or two or more sorts of double layers by 1 -20-micrometer average thickness. Surface 
coating Si 3N4 which has the adhesion excellent in the hard enveloping layer It has the feature in the cutting tool made from 
machine ceramics. 

[0006] The reason which next limited combination composition of the base which constitutes this as above-mentioned in the 
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cutting tool of this invention is explained. 

(a) Y2 03, R2 03, and Si02 -- for these components Si 3N4 granular during sintering in the state where it lived together It is 
needlelike beta-Si 3N4 about powder. There is an operation which makes it grow up to be a particle, and also Combine these 
components with a part of Si 3N4, dissolve each other, and it excels in adhesion with a hard enveloping layer. And Si 3N4 of the 
shape of an above-mentioned needle The Y-R-Si-O-N system binder phase which combines a particle firmly is formed. As a 
result, it is above-mentioned needlelike Si 3N4. A particle serves as resistance of crack propagation, and while the deficit-proof 
nature of a crack of a base comes to improve remarkably from the thing and bird clapper which advance the inside of a binder 
phase alternatively locally Since the adhesion to a hard enveloping layer is excellent, the above-mentioned binder phase is as 
above-mentioned above-mentioned needlelike Si 3N4. Although the firm adhesion to the hard enveloping layer of a particle and 
the adhesion of the hard enveloping layer to******** and the above-mentioned base front face will become very firm One 
among the above-mentioned components of contents is also Y2 03. : Less than 1%, R2 03 : Less than 1% and Si02 : If it 
becomes less than 0.5% Formation of the Y-R-Si-O-N system binder phase which has the above-mentioned property becomes 
difficult, and, on the other hand, one of contents is also Y203. : 15%, R2 03 : 15% and Si02 : If 10% is exceeded It is the 
content since hardness falls and abrasion resistance comes to fall, respectively Y203 : 1 - 15%, R2 03 : 1 - 15%, and Si02 : It 
was determined as 0.5 - 10%. 

[0007] (b) a Zr-Hf oxide - the component of these — a dispersed phase -- forming — above-mentioned needlelike Si 3N4 Since 
there is an operation whose deficit-proof nature prepares the size of a particle (parucle-size-regulauon-izing), and comes to 
improve as this result, although it is made to contain if needed When the deficit-proof disposition top effect of a request of the 
content at less than 1 % is not acquired but the content exceeds 1 5% on the other hand, it is granular Si 3N4 at the time of 
sintering. Since growth to a powdered needlelike particle comes to be suppressed and deficit-proof nature came to have fallen, the 
content was determined as 1 - 15%. 

[0008] (c) Since a TiNTiN component has the operation which a dispersed phase is formed [ operation ] and raises abrasion 
resistance much more, although it contains if needed When the wear-resistant improvement effect of a request of the content at 
less than 1% is not acquired but the content exceeds 10% on the other hand, it is Si 3N4. The needlelike growth effect of a 
particle was spoiled and the content was determined as 1 - 10% from the cause of a deficit-proof nature fall, and the bird clapper. 
[0009] Since [ which is 4 ] the theoretical density ratio of a sintered compact could not secure desired high intensity to a base at 
less than 99%, the theoretical density ratio was determined as 99% or more. Moreover, when the abrasion resistance which the 
average thickness of a hard enveloping layer excelled [ micrometer / less than 1 ] in the request could not be secured but the 
average thickness exceeded 20 micrometers on the other hand, the average thickness was determined to the cutting edge as 1 -20 
micrometers from the bird clapper that it is easy to generate a deficit and a chipping (minute chip). 
[0010] 

[Example] Next, it is the surface coating Si 3N4 of this invention. An example explains the cutting tool made from machine 
ceramics concretely. As raw material powder, it is Si 3N4. Powder and Y2 03 Powder and various kinds of R2 03 Powder, 
Y203 R2 03 Solid-solution powder and Si02 Powder and Zr02 Powder, MgO: Stabilization Zr02 of 5 mol % dissolution 
Powder [Zr02 (MgO) shows to a table], Y2 03 : Stabilization Zr02 of 3 mol % dissolution Powder [Zr02 (Y2 03) shows 
similarly], Ce02 : Stabilization Zr02 of 12 mol % dissolution Powder [this Zr02 (Ce02) shows], Hf02 Powder and stabilization 
Hf02 of MgO:2 mol % dissolution Powder [this Hf02 (MgO) shows], the stabilization Hf02 powder Q shown by this Hf02 
(CaO) --) of CaO:8 mol % dissolution Y2 03 : Stabilization Hf02 of 4 mol % dissolution Powder [this Hf02 (Y2 03) shows], 
And prepare TiN powder and these raw material powder is blended with the combination composition shown in Tables 1-3. 1.5 
ton/cm2 after carrying out wet blending for 24 hours and drying with a ball mill Press forming is carried out to a green compact 
by the pressure. Primary sintering on the conditions of 1 - 4-hour maintenance at this green compact in the inside of the nitrogen 
atmosphere of one to 20 atmospheric pressure, and temperature of 1700-1900 degrees C, Secondary sintering on the conditions of 
maintenance is performed to the temperature of 1750-1900 degrees C among the nitrogen atmosphere of further one to 2000 
atmospheric pressure for 1 to 4 hours. Si 3N4 which has the theoretical density ratio similarly shown in Tables 1-3, and had 
which [ SNGN 120408 ] configuration Machine ceramic base A-V and a-e are formed. Barrel processing for 10 minutes is 
performed to this with a centrifugal fluid type bairel-finishing machine by underwater [ which added the surface active agent of 5 
capacity % ], using the fused-alumina chip of the shape of a nugget of diameter: 5mmphi as media. The hard enveloping layer of 
the composition shown in Tables 4-6 on condition that usual and average thickness is succeedingly formed in the front face of 
these bases using usual chemical-vacuum-deposition equipment. The cutting tools 1 -22 made from the 3N4 this invention surface 
coating Si ceramics (henceforth this invention covering cutting tool), and conventional surface coating Si 3N4 The cutting tools 
1 -5 made from machine ceramics (henceforth the conventional covering cutting tool) were manufactured, respectively. 
[001 1] In addition, the above Si 3N4 which constitutes the covering cutting tools 1-5 conventionally [ above-mentioned ] 
Machine ceramic base a-e is Si 3N4 which constitutes this invention covering cutting tool in a covering cutting tool 
conventionally which is indicated by above-mentioned JP,4-104982,A. It has the composition which chose suitably the 
constituent which is common in a machine ceramic base, and blended it. 
[0012] 
[Table 1] 
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Table 3] 
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[0015] 



[Table 4] 
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[Table 5] 
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[001 8] subsequently — various kinds of covering cutting tools obtained as a result — **-ed material — the round bar of :FC30, and 
cutting-speed:300 m/min ~ sending — :0.32mm/rev. ~ it cut deeply, the dry type continuation high-speed-cutting examination of 
cast iron was performed on the conditions for :2mm, and time: 10 minutes, the width of flank wear land of a cutting edge was 
measured, and it was shown in Tables 4-6 
[0019] 

[Effect of the Invention] The result shown in Tables 1 -6 to this invention covering cutting tools 1 -22, It is clear that all high speed 
cutting of the cast iron with which high adhesion is required of a hard enveloping layer does not have generating of exfoliation in a 
hard enveloping layer, either, exfoliation generates all in a hard enveloping layer in the high speed cutting of cast iron to the 
outstanding abrasion resistance being shown since the covering cutting tools 1 -5 have the conventionally inadequate adhesion to 
the base of a hard enveloping layer, and this results in a use life comparatively for a short time owing to. As mentioned above, 
surface coating Si 3N4 of this invention The cutting tool made from machine ceramics is Si 3N4 of a hard enveloping layer. Since 
it excels in the adhesion to a machine ceramic base front face, adhesion high to a hard enveloping layer not to mention cutting on 
the usual conditions is required, for example, without exfoliation also generating the high speed cutting of cast iron in a hard 
enveloping layer, remarkably, it continues and the outstanding cutting-ability ability is demonstrated at a long period of time. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** sn ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, as a binder-phase formation component, all Yttrium-oxide: 1-15%, Rare earth oxide : Contain 1 - 15%, 
and silicon-oxide: 0.5- 10%, and it is made the sintered compact of combination composition with which the remainder consists of 
a nitriding silicon as a dispersed phase formation component. On the front face of the nitriding silicon machine ceramic base 
which has 99% or more of theoretical density ratio The carbide, the nitride, the charcoal nitride, the carbonation object, nitric 
oxide, and charcoal nitric oxide of Ti, And the cutting tool made from surface coating nitriding silicon machine ceramics which 
has the adhesion excellent in the hard enveloping layer which comes to form the hard enveloping layer which consists of one sort 
of monolayers of the aluminum oxides, or two or more sorts of double layers by 1 -20-micrometer average thickness. 
[Claim 2] By weight %, each contains yttrium-oxide: 1-15%, rare earth oxide: 1-15%, and silicon-oxide:0.5-10% as a 
binder-phase formation component, as a dispersed phase formation component A zirconium oxide, a partial stabilization 
zirconium oxide, an oxidization hafnium, And contain one sort in a partial stabilization oxidization hafnium, or : [ two or more 
sorts of ] 1 - 15%, and it is made the sintered compact of combination composition with which the remainder similarly consists of 
a nitriding silicon as a dispersed phase formation component. On the front face of the nitriding silicon machine ceramic base 
which has 99% or more of theoretical density ratio The carbide, the nitride, the charcoal nitride, the carbonation object, nitric 
oxide, and charcoal nitric oxide of Ti, And the cutting tool made from surface coating nitriding silicon machine ceramics which 
has the adhesion excellent in the hard enveloping layer which comes to form the hard enveloping layer which consists of one sort 
of monolayers of the aluminum oxides, or two or more sorts of double layers by 1 -20-micrometer average thickness. 
[Claim 3] By weight %, each contains yttrium-oxide: 1-15%, rare earth oxide:l-15%, and silicon-oxide:0.5-10% as a 
binder-phase formation component, as a dispersed phase formation component Titanium nitride : Contain 1 - 10% and it is made 
the sintered compact of combination composition with which the remainder similarly consists of a nitriding silicon as a dispersed 
phase formation component. On the front face of the nitriding silicon machine ceramic base which has 99% or more of theoretical 
density ratio The carbide, the nitride, the charcoal nitride, the carbonation object, nitric oxide, and charcoal nitric oxide of Ti, And 
the cutting tool made from surface coating nitriding silicon machine ceramics which has the adhesion excellent in the hard 
enveloping layer which comes to form the hard enveloping layer which consists of one sort of monolayers of the aluminum oxides, 
or two or more sorts of double layers by 1 -20-micrometer average thickness. 

[Claim 4] By weight %, each contains yttrium-oxide: 1-15%, rare earth oxide: 1-15%, and silicon-oxide:0.5-10% as a 
binder-phase formation component, all as a dispersed phase formation component A zirconium oxide, a partial stabilization 
zirconium oxide, an oxidization hafnium, And one sort in a partial stabilization oxidization hafnium or : [ two or more sorts of ] 1 
- 1 5%, a titanium nitride : Contain 1 - 10% and it is made the sintered compact of combination composition with which the 
remainder similarly consists of a nitriding silicon as a dispersed phase formation component. On the front face of the nitriding 
silicon machine ceramic base which has 99% or more of theoretical density ratio The carbide, the nitride, the charcoal nitride, the 
carbonation object, nitric oxide, and charcoal nitric oxide of Ti, And the cutting tool made from surface coating nitriding silicon 
machine ceramics which has the adhesion excellent in the hard enveloping layer which comes to form the hard enveloping layer 
which consists of one sort of monolayers of the alurninum oxides, or two or more sorts of double layers by 1 -20-micrometer 
average thickness. 
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Abstract 



PURPOSE:To improve adhesion and cutting efficiency by forming a hard coating layer made of Ti 
carbide and so forth with a specific average layer thickness on the surface of a silicon-nitqde group 
ceramics base substance whose theoretical density ratio of a sintered body made of respective forming 
components of respectively specified combined phase and dispersed phase is specified. 
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